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Additive manufacturing (AM) (also known as 3D printing) is an advanced
manufacturing technology used to create parts with complex geometry, and is
used in the golf industry for rapid prototyping [1]. However, AM is seldomly used
for golf products brought to market. Currently, the only golf club mass-produced
using AM technology is a putter [2]. A clubhead constructed entirely using AM can
have geometry and properties not attainable with conventional, subtractive
manufacturing methods. In addition, an AM clubhead could offer precise
customization of parameters such as overall clubhead shape, face bulge and roll
radius, and offset for each individual customer, which is completely untenable
currently due to the tooling costs of conventional manufacturing techniques. This
work seeks to design, build, and test a hybrid clubhead (meaning a cross between
an iron and fairway wood) made entirely using additive manufacturing.
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Fig. 1: (a) Hollow hybrid clubhead manufactured using LPBF, (b) assembled hybrid.

Laser powder bed fusion (LPBF) (a class of AM processes) was selected to
manufacture the club with Ti-64, a commonly used titanium alloy. The authors
chose to design a hybrid, although the method used would be similar for any type
of club. The hybrid club was printed with a hollow internal structure to reflect the
typical design of modern hybrids and drivers. This yields a clubhead that is far too
light for most golfers. To address this, the player can choose where to add
additional material to achieve their desired performance and clubhead weight.
Since a game improvement design was selected, the additional mass of 11 grams
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was added low and around the perimeter to increase launch angle and forgiveness.
The design also has several holes in the sole of the clubhead for tungsten inserts to
further lower the CG. The finished clubhead is shown in Fig. 1.
Table 1: Results of benchmarking against a commercially available hybrid.

Club
TaylorMade Hybrid
AM Hybrid

Clubhead
Mass (g)
226
171

Avg. Club
Speed (mph)
97.5
109.6

Avg. Ball
Speed (mph)
139.5
138.9

Avg. Smash
Factor
1.42
1.27

The AM hybrid was benchmarked against a contemporary commercially available
hybrid. Both clubs were fit with a 60 gram stiff shaft with a length of 41 inches. A
GCQuad launch monitor (Foresight Sports, San Diego, USA) was used to record
both the clubhead delivery and launch conditions of the ball for ten strikes within
10 mm of the center of each clubface. The testing was performed with a scratch
golfer. The test subject was instructed to swing both clubs with the same level of
effort. Smash factor was used as the primary comparator between the two clubs,
defined as the ball speed following impact divided by the clubhead speed at
impact. The commercially available hybrid had an average smash factor of 1.42,
while the AM hybrid achieved an average smash factor of 1.27. This performance
may seem poor, however, the AM clubhead is 24% lighter. A lighter club will have
less momentum, reducing the energy transferred to the ball, thus reducing the
smash factor. On the other hand, this lack of mass allowed the AM hybrid to be
swung much faster with the same amount of effort – 109.6 mph vs 97.5 mph,
resulting in an average ball speed just 0.6 mph lower than the commercially
available hybrid. This was an impressive result for the AM hybrid.
The goal of this work was to determine whether a custom golf club could be made
using AM while performing at levels comparable to traditionally manufactured
clubs. The authors designed a hybrid from the ground-up to be manufactured using
laser powder bed fusion (LPBF). While the club did not perform as well as a modern
club, it is no surprise to the authors considering the enormous research and
development budgets of golf OEMs. For the first design iteration of an AM golf club,
the results are encouraging. Future work could directly compare two clubs of the
same design, with one created using AM, and the other using traditional methods.
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